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The  large  size  of  the  viruses  of  the  psittacosis-lymphogranuloma group, 
their  complex  growth  cycle,  and  their  sensitivity  to  antibiotics  suggested 
the  possibility that  these  organisms, might possess  more  types of  metabolic 
activity  than  the  smaller,  simpler viruses.  We  have  examined concentrates 
of one member of this group, the meningopneumonitis  virus, for various kinds 
of enzymatic activity. While the  MP  1 virus has shown no ability to use such 
substrates  as  glucose,  glutamate,  fumarate,  succinate,  ce-ketoglutarate,  or 
pyruvate, it does  appear  to  possess  the  ability to  catalyze  the  oxidation of 
DPNH  by  cytochrome  c. 
EXPERIMENTAL 
Materials 
Viruses.--The organism used was the Cal 10 strain of meningopneumonitis virus, in the 
!lth to 12th passage in the allantoic cavity of the fertile hen's egg. It was passed by inoculat- 
ing 0.2 ml. of 10  -~ dilution of infected allantoic fluid into 9 day eggs. The allantoic fluids were 
harvested  5 days after inoculation. This virus was also adapted  to growth in the yolk sac 
and had been passed 7 to 8 times by the yolk sac route. For the preparation of yolk sac virus 
pools, 7 to 8 day eggs were inoculated v/a the yolk sac with 0.2 ml. of a 10  -s dilution of in- 
fected yolk sac suspension. About 90 per cent of the eggs usually died on the 5th  day after 
inoculation. Yolk sacs from eggs dead on that day were harvested  and blended with one 
volume of solution K-7G (see.  below), then stored at -70°C. 
An A  ~ strain of influenza virus, isolated by Mr. Milton Schrift at this hospital, was em- 
ployed in two experiments. It was passed in 9 to 10 day eggs by inoculation of a 104 or 105 
dilution of infected allantoic fluid into the allantoic cavity of eggs. The allantoic fluids were 
harvested on the 2nd day after inoculation. 
Chemicals and  Solutions.--Cytochrome c  and  DPNH  were obtained  from  The  Sigma 
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monitis; Tris, tris(hydroxymethylamino)methane. 
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Chemical  Company, St. ~Louis, Missouri.  Salt-free,  once crystallized trypsin and  soybean 
trypsin inhibitor were obtained from The Worthington Biochemical Corp., Freehold, New 
Jersey, and bovine serum albumin from the Armour Laboratories, Kankakee, Illinois. 
Cloaridium perfringens toxin, as a  crude filtrate, was generously supplied by Dr. Irving 
Danielson of Lederle Laboratories, Pearl River, New York.  It was filtered through a  Seitz 
filter and  stored at -20°C.  Immediately before use it was centrifuged at  12,000 g for 30 
minutes. To the  supernatant was added 0.09 volume 0.1  ~  CaC12, 0.15  volume 6 per cent 
serum albumin, 0.15 volume 0.15 M tris, pH 7.6, and 0.11 volume 0.15 ~  NaC1. 
Crude cobra venom was obtained from Hynson, Westcott, and Dunning, Baltimore. A 
solution of the following composition was prepared; cobra venom, 0.4 mg./ml.; CaCI2, 0.006 
M; serum albumin, 0.6 per cent; 0.015 ~x tris buffer pH 7.6; and 0.1 M NaCh 
The following solutions were used in purifying the virus: K-7G contained 0.118  ~s KCI, 
0.0072  ~s NaCI,  0.0076  M Na2HPO~,  0.004  ~  KH2PO.z, and 0.005  M potassium glutamate, 
pH7. 
Sucrose  PG contained 0.22 ~  sucrose,  0.01 M potassium phosphate, pH 7.2, and 0.005 ~s 
potassium glutamate. 
Pancreatin (U.S.P.) was dissolved shortly before use in 0.13 ~  NaC1 containing 0.015 ~s 
tris, pH 7.6, to give a  final concentration of I0 per cent then centrifuged for 30 minutes at 
12,000 g. The supernatant was diluted with 9 volumes of K-TG or sucrose PG as indicated. 
Normal Tissue Antiserum.--Rabbits  were inoculated with 1 to 2 ml. of a 5 per cent homog- 
enate of either normal yolk sac or allantoic membrane via the ear vein once every 7 to 10 
days for a 3 to 4 week period. At the end of this time they were bled and a complement fix- 
ation titer performed on the serum. Mter a  titer of 1:80 to 1:160 was reached, the intrave- 
nous injections were administered only about once a month. 
Methods  of Assay 
Infectivity  Titratlons.--The  MP  infectivity titrations were carried out by  intracerebral 
inoculation of young white mice of the NIH  strain, as described elsewhere (1).  Influenza 
infectivity titrations were carried out by inoculating tenfold dilutions of the virus into the 
allantoic cavity of 10 day eggs. The eggs were incubated at 36°C. for 48 hours and the fluid 
of each egg was then tested for hemagglutination, using human O cells in a final concentra- 
tion of 0.5 per cent. The IDa0 was calculated by the method of Reed and Meunch (2). 
Nuddc Acid Assay.--Traces  of host nucleic acids were first extracted from the virus 
preparation with rt  NaC1. The viral RNA and DNA were then determined by the method of 
Ogur and Rosen (3). 
Protein was determined by the method of Lowry eta/. (4). 
Preparation  of  Virus  Concentrates  and  Normal  T~ssue  Particles 
All procedures were carried out at 0°C. unless otherwise mentioned. 
1.  Virus from Infected Yolk Sacs.--An  equal volume of K-TG was added to the 50 per 
cent homogenate of infected yolk sacs. Attasorb LV'M, 2.5 ml. per gm. of yolk sac, and celite 
analytical filter aid, 50 mg. per gm. tissue, was added to the suspension and this mixture was 
shaken by hand for 5 minutes. It was then centrifuged at 750 g for 10 minutes. The super- 
natant was centrifuged at 4500  g for 90  minutes. The sediment was resuspended in K-TG 
containing 1 per cent pancreatin and left at room temperature for 15 minutes. It was then 
centrifuged at 850 g for 10 minutes. The virus was spun down from the supernatant at 12,000 
g and resuspended in sucrose PG at a concentration equivalent to 4 gin. of original yolk sac 
per ml. This represents "untreated yolk virus." 
2.  Normal  Yolk Partides.--Yolk  sacs from normal eggs of the same age as the infected 
eggs were harvested and treated by exactly the same procedure as used with infected eggs 
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3. MP Virus from Allantoic Fluid.--This  was prepared in the same way as the virus from 
yolk sacs, with two exceptions. The initial dilution and addition of celite and attasorb was 
omitted before the first low  speed centrifugation, and the first high speed precipitate was 
resuspended in sucrose PG containing 1 per cent pancreatin rather than K-7G.  The final 
virus precipitate was resuspended in sucrose PG in a  volume approximately ~0  that of the 
initial allantoic fluid, giving "untreated allmatoic virus." 
4. Normal Allantoic Membranes.--Allantoic membranes were collected from uninfected 12 
to 13 day eggs, blended with 1 volume of K-7G, and filtered through gauze before storage at 
--70°C.  After thawing, one volume of K-7G was added to the suspension which was then 
treated in the same manner as infected aUantoic fluids. The final precipitate was resuspended 
to a concentration corresponding to 4 gin. original membrane per ml. The normal membrane 
preparations were probably unnecessarily severe controls for the allantoic virus preparations, 
as they always had a  considerably greater enzymatic activity and protein content than did 
the virus. 
In a few early experiments attempts were made to obtain more highly purified MP virus 
preparations with the aid of trypsin and antiserum to normal yolk sac or allantoic membrane 
(5). In these experiments, which will not be described in detail since the methods used in- 
volved  prohibitive losses  of  virus,  the preparations were  treated  twice with  trypsin and 
twice with the appropriate normal tissue antiserum, used in a final dilution of 1/5. The virus 
serum mixtures were left for 1 hour at room temperature, then overnight at 0oC. and the re- 
sultant precipitate was removed by centrifugation for 10 minutes at 750 g. 
2;. Influenza Virus.--The  infected allantoic fluid was centrifuged at 53,000 g for 45 min- 
utes. The precipitate was resuspended in a  volume ~'~0 that of the original, and centrifuged 
at 850 g to remove a few small lumps. The supernatant was used without further purification. 
Treatment  of  Virus  and  Normal  Tissue  with  Trypsin  and  Lecitkinase 
All centrifugations of MP virus and tissue particles were carried out at 4°C. at 12,000  g 
for 30 minutes. Influenza virus was centrifuged at 53,600 g for 45 minutes. 
The various "untreated" preparations were diluted to a  final concentration of 0.5 to  1.0 
rag. protein per hal. in sucrose PG containing 0.005 ~  MgCI2.  Crystalline trypsin was added 
to a  final concentration of 0.25 reg./m1, and the suspensions were left at room temperature 
for 60 minutes then overnight at 0°C. 
The foUowing day the mixture was centrifuged and the pellet resuspended in 0.14 M NaCI 
containing 0.005 vc glutamate with the addition of 0.25 rag. of trypsin inhibitor per ml. To 
this suspension was added  one  volume  of perfringens toxin solution and the  mixture left 
at 37°C. for 15 minutes. The virus was then sedimented and the resuspended precipitate was 
treated with one volume of cobra venom solution, left at 37"C. for 15 minutes, then overnight 
at 0°C. The following day the virus was again sedimented and the final precipitate resuspended 
in the NaC1 giutamate solution used above. 
Allantoic virus and  membrane preparations were  frequently  treated  twice  with cobra 
venom rather than once with perfringens toxin and once with cobra venom. 
Assay of DPNH Cytochrome Reductase Aaivity.--The rate of reduction of cytochrome c 
by DPNH in the presence of virus or normal cell particles was determined by following the 
change in adsorption at 550 m/~ in a  Beckman model DU spectrophotometer. The unit of 
activity chosen was that amount of virus or normal tissue particles necessary to produce a 
change of 0.1 optical density units per minute. Each cuvette contained 0.2 ml. cytochrome e, 
7 mg./ml.; 0.2 ml. DPNH, 5.4 mg./ml.; 0.1 ml. KCN, 0.0015 ~; 1.0 ml. 0.15 ~  tris, pH  7.6.; 
0.1 ml. versene, 0.075 ~x; and a  volume of the preparation being tested that depended upon 
the activity of the preparation; 0.15 ~  NaC1 was added to bring the total volume to 3.0 ml. 
Succinoxidase activity was measured in the same way, except that 0.2 hal. 0.1 ~  succinate 
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RESULTS 
Early experiments using MP virus purified by a  variety of methods, gen- 
erally including treatment with normal antiserum, indicated complete absence 
of ability on the part of this virus to bring about the oxidation of many of the 
usual substrates including glutamate, fumarate, a-ketoglutarate, pyruvate, and 
glucose. This is in agreement with the work of others  (6,  7),  and was true 
whether 03, DPN, or TPN were used as oxidant. However, it was eventually 
noted that such preparations could reduce cytochrome c  in the presence of 
reduced DPN. Unfortunately, this enzyme in tissues is located in small tissue 
particles so that it is particularly difficult to be certain on the basis of purifica- 
tion alone that such activity really represents activity on the part of the virus 
rather  than adsorbed or coprecipitated  cellular  enzyme.  There  is  not  even 
assurance that antiserum can remove all tissue material, as there is always the 
possibility that certain normal cell constituents will not react with the particu- 
lar antiserum used. In addition it was found that all precipitates brought about 
by the use of antiserum contained large amounts of virus, as estimated both by 
their infectivity and by their DNA content. Therefore, this method of purifi- 
cation was abandoned. 
An attempt was next made to separate normal and viral activities by differ- 
ential inactivation. It was known that proteolytic enzymes and lecithinases 
have no influence on the infectivity of intact viruses (8), but that such enzymes 
do act on tissue debris and that at least the lecithinases are potent inactivators 
of certain particulate enzymes in animal tissues (9-13). Therefore the effect of 
both types of enzymes on the "untreated" virus and normal tissue preparations 
was tested. It was found that trypsin, Cl. perfringens toxin and cobra venom all 
markedly reduced the activity of normal preparations as well as that of most 
virus preparations. The latter was not unexpected, since it was known that the 
virus preparations used, particularly those prepared from infected yolk sacs, 
were contaminated with tissue particles. No one of these agents alone was com- 
pletely effective against the normal tissues, but the combined use of all three 
or of trypsin and cobra venom alone, as described above, did nearly completely 
destroy the crytochrome c reductase activity of normal tissue particles. It was 
found advisable to use both types of lecithinase in the order given, since the 
perfringens toxin did not always completely inactivate the normal enzymes, 
whereas cobra venom, which was more effective against the normal enzymes, if 
used initially on the comparatively impure yolk virus preparations, frequently 
led to a  marked loss  in infectivity. These losses  may have been due to  the 
toxicity of excessive concentrations of the type of split products--fatty acid 
and lysolecithin--produced by this type of lecithinase, for when cobra venom 
was used on the much purer virus from allantoic fluid, or after the action of 
perfringens toxin, it was less harmful. The virus preparations after treatment 
with  trypsin and the lecithinases, in  contrast to normal tissue preparations, E.  G.  ALLEN  AND  M.  R.  BOVARNICK  543 
always retained appreciable enzymatic activity. The activity of a few examples 
of both types of preparations before and after treatment are shown in Table I. 
An additional difference in the stability of the two types of preparations has 
been noticed in a qualitative way during storage at --70°C. Normal tissue par- 
TABLE  I 
Effect  of Trypsin and  Lecithinase  on Activity of Virus and Normal Preparations 
Virus preparations  [  Normal tissue preparations 
Cytoehrome e  --Log  Vires  Protein  reduetase  LD~o 
mg./ml,  units/  uni~/mg. 
ml.  pro~n 
MP virus from allan-  2.95  3.45  1.17  7.1  Normal  allantoic 
toic  fluid  "un-  membrane 
treated"  "untreated" 
Trypsin-treated  2.08  3.60  1.73  6.9  Trypsin-treated 
Leeithinase-treated  1.6  1.6  1.0  7.1  Lecithinase- 
treated 
MP virus from yolk  6.62  3.57 
sac "untreated" 
Trypsin-treated  2.77  1.24 
Lecithinase-treated  1.85  3.22 
MP virus from yolk  4.15  1.0 
sac "untreated" 
Trypsin-treated  2.47  3.68 
Lecithinase-treated  1.88  3.35 
0.54  7.6  Normal  yolk 
particles  "un- 
treated" 
0.45  6.4  Trypsin-treated 
0.12  6.4  Lecithinase- 
treated 
0.24  7.9  Normal  yolk 
particles  "un- 
treated" 
0.28  8.1  Trypsin-treated 
0.19  7.4  Lecithinase- 
treated 
Influenza virus "un-  2.2  2.32  0.145  9.4* 
treated" 
Trypsin-treated  0.77  3.063  0.08  10.0 
Protein ] 
mg./ml. 
9.60 
4.37 
1.48 
9.7 
4.28 
2.29 
9.5 
3.8 
1.45 
Cytochrome c 
reductase 
__.[ 
u~ts/  unsling. 
ml.  prote~n 
27.7  2.9 
1.37  0.31 
0.018  .012 
4.0  0.41 
1.48  0.35 
0.016  0.007 
10.0  1.05 
0.72  0.19 
0.016  0.011 
* In the case of the influenza virus, the figures given for  --log LD~ actually represent 
--log IDw. 
ticles (though not whole tissue homogenates) gradually but continuously lose 
activity on storage, whereas virus preparations, after destruction of the con- 
taminating tissue enzymes with trypsin and lecithinase, lose little or no further 
activity over a period of several months. 
In considering the results obtained with different preparations of MP virus, 
as summarized in Table II, it is apparent that while there is considerable varia- 
bility in the relation between the final enzymatic activity and the virus con- 544  CYTOCHROME  C REDUCTASE ACTIVITY 
centration, as estimated from the DNA content, in only one case (No. 12) was 
the enzymatic activity so low as to be of doubtful significance. This one prepa- 
ration  also  had  an  unusually low  infectivity so  that  it  seems probable  that 
this virus had been inactivated during its preparation. Disregarding this one 
case, the yolk virus and some of the allantoic virus preparations appear to have 
activities of the same order of magnitude, whereas, the last four allantoic virus 
TABLE II 
Summary of Final DPNH-Cytochrome c Reductase  Activity of MP Virus and  Normal  Tissue 
Particles 
Experi- 
ment  I 
No.  ! 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Source 
Yolk sac 
Allantoic 
fluid or 
membrane 
Same 
Same 
Same 
Same 
Same 
Same 
Same 
Same 
Type of treatment 
Trypsin, lecithinase 
Trypsin, antiserum* 
Trypsin, lecithinase 
c,  ~c 
~c  c¢ 
Trypsin, antiserum* 
Normal tissue  MP virus preparations  particles 
Cytochrome  Cyto-  Units/  chrome c  DNA  DNA X  c reductase  reductase  1000 
unils/ml,  unils/ml, i*g./ral. 
0.023  0.37  42  7.4 
--Log 
LD. 
6.0 
0.018  0.52 
0.04  0.18 
0.012  0.36 
0.04  0.23 
0.11 
0.013  0.33 
0.04  0.50 
0.14 
1.38 
1.25 
0.08 
0.02  2.4 
0.018  1.6 
.1 
.3 
~.11 
38  14  5.6 
43  4.2  6.4 
81  4.4  7.4 
34  6.8  6.8 
16  6.9  6.6 
!  78  4.3  7.3 
65  7.7  6.8 
170  2.1  6.2 
!159  8.7  6.9 
142  8.8  6.0 
88  0.9  3.4 
78  30  6.8 
84  19  7.1 
66  17 
63  21  7.0 
28  3.9  5.8 
* These preparations were tested in a concentration twice that used with the lecithinase- 
treated preparations due to the low concentration of virus. 
preparations are considerably more active. The reason for this discrepancy is 
not clear. However, it may not be too surprising that the results are not alto- 
gether  uniform,  since  DNA  analysis  cannot  distinguish between  active  and 
inactive virus, the same value being found before and after inactivation for 30 
minutes at 56°C.  Infectivity titrations on the other hand are not of sufficient 
accuracy  to  hope  for  good  correlation between  this property and  enzymatic 
activity, nor is there any reason to  suppose that there cannot exist partially 
inactivated virus,  still active enzymatically but  non-infective,  as is the case 
with other organisms. However, if the enzymatic activity is actually a property 
of the virus, one would expect that loss in enzymatic activity should be accom- E.  G.  ALLEN  AND  5.  R.  BOVARNICK  545 
panied  by loss in infectivity, as it was in  the case of the one inactive virus 
mentioned  above,  even though the reverse may not always be  true.  Recent 
experiments have demonstrated this to be the case after what was thought to be 
a relatively mild treatment of the virus. 
In these  experiments,  shown in Table  III, allantoic virus which had been 
treated with trypsin was suspended in 0.13 ~  NaC1 containing tris and gluta- 
mate with and without addition of CaCI~, or albumin.  As can be seen,  in  the 
absence of CaC1, there were considerable loss in activity and also a loss in in- 
fectivity, both of which were partially or completely prevented by the addition 
TABLE III 
Loss  of Infectivity  of MP  Virus Associated  with  Loss  of Enz 
Treatment of virus 
None 
Incubated and washed 
IC  lC  gg 
None 
Incubated and washed 
Additions to basal medium 
None 
CaC1, and albumin 
"  "  "  and cobra 
venom 
None 
CaCl, 
matic  Activity 
Cytochrome  DNA 
reductase 
units/ml,  p~g./rnl. 
3.1 
0.23  72 
1.05  64 
1.11 
2.94 
0.76  51 
2.38  70 
--log LD6o 
7.0 
5.1 
6.4 
7.1 
6.2 
7.1 
In these experiments allantoic virus which had been treated with trypsin was suspended 
in 0.13 M  NaC1 containing 0.015 M  tris pH 7.6 and 0.005 M  glutamate with or without addi- 
tion of 0.003 ~ CaCI~, 0.3 per cent bovine serum albumin, or cobra venom, 0.2 mg./ml, as 
indicated. They were left at 37°C. for 15 minutes, centrifuged, resuspended in the same 
solvent, again left at 37°C. for 15 minutes, then at 0  ° overnight. The following day the virus 
was again sedimented, resuspended, and assayed. 
of Ca. That the activity remaining in the presence of Ca is entirely due to the 
virus is indicated by the fact that addition of cobra venom led to no greater 
decrease in  activity.  It should  be  noted  that  addition  of  Ca directly  to  the 
cytochrome reductase  assay  system  does  not  increase  the  rate  of  reaction. 
Whether  the  effect of  Ca  in  increasing  the  stability  of  the  purified  virus  is 
specific  is not yet known. These experiments suggest that further study of the 
factors affecting the stability of the virus may lead to improved yields of enzy- 
matic activity and infectivity. 
Additional support for the belief that the observed enzymatic activity is as- 
sociated  with  MP  virus  itself  is  given  by  two  experiments  with  influenza 
virus, one of which is reported in Table I. In this case even though the influenza 
virus itself has been subjected to almost no purification, the DPNH cytochrome 
reductase activity was reduced to a very low value merely by treatment with 
trypsin. In the other experiment it dropped to less than 0.01 unit per ml. Thus 546  CYTOCHROM'E C REDUCTASE  ACTIVITY 
here, in the presence of a  type of virus containing no reductase activity of its 
own, activity due to cellular debris was readily removed by methods which left 
considerable activity in MP virus preparations. 
Finally it should be noted that while the succinoxidase activity of both nor- 
mal tissue and virus-un~eated preparations was about one-third  that of the 
DPNH cytochrome reductase activity, after treatment with trypsin and leci- 
thinase in both types of preparation it always dropped to a barely measureable 
value, 0.01  to 0.05  units/ml. Thus this other contaminating enzyme was as 
readily removed from the viral as from the normal preparations. 
While DPNH is the only substance so far found that can be oxidized  by 
MP virus, cytochrome c is not specific as the oxidizing agent. Ferricyanide and 
2,6,-dichlorophenol-indophenol can also serve as oxidant. If this reaction does 
prove to be of importance to the virus it is not of course certain  that  cyto- 
chrome c would be the normal oxidant, as it is not known whether appreciable 
concentrations of this substance occur in unbound form in the host cell.  Some 
other as yet untried substance may represent the normal oxidant. 
DISCUSSION 
The results described above strongly suggest that the observed  cytochrome 
reductase activity of suitably treated MP virus preparations  is a property of 
the virus itself. It certainly can be stated that the stability of this enzyme in 
virus preparations is greater  than in  normal  egg  tissue  particles.  Moreover 
in a few instances loss of enzymatic activity brought about by relatively mild 
treatment has been associated with loss in infectivity. It is of interest that the 
vaccinia virus, another virus of size  approaching that of the PL group,  was 
found by Hoagland a  al.  (14)  to contain significant quantities of riboflavin, 
which has always been found to be  an  essential constituent of  cytochrome 
reductases. It would obviously be of interest to determine whether vaccinia also 
possesses  cytochrome reductase activity. 
These  observations suggesting the existence in  the MP  virus of a  highly 
limited and parasitic type of energy supply system, but one nonetheless be- 
longing to the virus itself, can be taken as further evidence that the LP group 
of viruses actually represents a class intermediate between the rickettsiae with 
their fairly extensive oxidative metabolism, and the small viruses, dependent 
upon the cell, not only for their substrates, but also for all enzymatic activity. 
It remains, however, to be determined whether this oxidative reaction associ- 
ated with the MP virus can actually be used as a source of energy, whether for 
instance it can be accompanied by phosphorylation. 
SUMMARY 
DPNH  cytochrome c reductase activity  has been found  associated  with the 
MP  virus  isolated  from the infected  allantoic  fluids  or yolk sacs  of  fert;le  eggs E.  G.  ALLEN  AND  M.  P,.. BOVARNICK  547 
and treated with trypsin, perfringens  toxin, and cobra venom. The correspond- 
ing normal tissue enzymes can be nearly completely destroyed by such treat- 
ment, also the small activity found in crude preparations of influenza virus is 
destroyed by this treatment. 
Under certain relatively mild conditions of inactivation, loss in enzymatic 
activity is parallelled by loss in infectivity. 
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